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ABSTRACT: Cd3As2 is a model material of Dirac semimetal with a linear dispersion 
relation along all three directions in the momentum space. The unique band structure 
of Cd3As2 makes it with both Dirac and topological properties. It can be driven into a 
Weyl semimetal by the symmetry breaking or a topological insulator by enhancing the 
spin-orbit coupling. Here we report the temperature and gate voltage dependent 
magnetotransport properties of Cd3As2 nanoplates with Fermi level near the Dirac 
point. The Hall anomaly demonstrates the two-carrier transport accompanied by a 
transition from n-type to p-type conduction with decreasing temperature. The 
carrier-type transition is explained by considering the temperature dependent 
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spin-orbit coupling. The magnetoresistance exhibits a large non-saturating value up to 
2000% at high temperatures, which is ascribed to the electron-hole compensation in 
the system. Our results are valuable for understanding the experimental observations 
related to the two-carrier transport in Dirac/Weyl semimetals, such as Na3Bi, ZrTe5, 
TaAs, NbAs, and HfTe5. 
 
KEYWORDS: Dirac semimetal, magnetoresistance, two-band transport, temperature 
dependence, Hall resistance 
 
Three-dimensional (3D) Dirac semimetal
1-3
 is a quantum material, where the 
conduction bands and valence bands touch at discrete points, known as Dirac points. 
In momentum space, it has linear dispersion along all three directions near the Dirac 
points, which are protected by the rotational crystalline symmetry.
3,4
 Upon breaking 
of time-reversal symmetry or spatial inversion symmetry, the Dirac point splits into a 
pair of Weyl nodes with opposite chiralities, thus the Dirac semimetal changes into 
Weyl semimetal.
5,6
 The distinct electronic structures of Dirac semimetal give rise to 
many other topological phases, for examples, topological insulator
7,8
 and topological 
superconductor.
9
 Recently, the negative magnetoresistance (MR) has been observed in 
Dirac semimetal
10-13
 and Weyl semimetal,
14
 which is attributed to the chiral anomaly 
in the presence of parallel electric field and magnetic field.
 15,16
 In the family of 3D 
Dirac semimetal, Cd3As2 is a model material that has a pair of Dirac points near the Γ 
point in the Brillouin zone.
3,17-19
 Angle-resolved photoemission spectroscopy (ARPES) 
and scanning tunneling microscopy both reveal the linear dispersion near the Dirac 
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points in Cd3As2.
17-20
 Transport measurements demonstrate the ultrahigh carrier 
mobility in Cd3As2.
21-25
 The exotic topological surface states have been studied via 
Aharonov-Bohm oscillations in thin Cd3As2 nanowires with low carrier density, 
making it accessible to the transport properties of the surface Fermi arcs.
 26
 Large 
linear positive MR has been observed in Cd3As2 bulk materials with high carrier 
concentration under perpendicular magnetic fields.
 25,27
 Besides, large MR has also 
been observed in Cd3As2 with Fermi surface close to the Dirac points.
28
 Generally, the 
MR behaves as (1 + μ𝐵2) under weak magnetic fields, where μ is the carrier 
mobility. While in semimetals, such as high-purity graphite and bismuth, large MR 
under relatively low magnetic fields is ascribed to the two-carrier transport.
 29
 Under 
high magnetic fields, the large MR eventually saturates due to the breaking of the 
electron-hole balance. However, in WTe2, the large non-saturating MR can be 
maintained even under strong magnetic fields, benefitting from the nearly perfect 
electron-hole compensation.
30
 Therefore, it is highly desirable to investigate the 
relationship between the large MR and two-carrier transport in Cd3As2 system. 
Here we report the magnetotransport properties of Cd3As2 nanoplates. The 
advantage of Cd3As2 nanoplates compared with bulk crystals is that the carrier density 
can be modulated by gate voltage to realize ambipolar transport. Thus, it is more 
convenient to investigate the two-carrier transport behavior. The MR exhibits a 
saturating value ~50% at low temperatures and large non-saturating value up to 2000% 
at high temperatures in Cd3As2 nanoplates. By employing gate voltage modulation 
and Hall measurements, large asymmetry of electron and hole transport has been 
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revealed. By applying positive gate voltage, the MR can be tuned from a small 
saturating value to a large non-saturating value at low temperatures. Besides, due to 
the asymmetric mobilities of electrons and holes, the maximum of longitudinal 
resistivity in the transfer curves shifts towards to positive gate voltage with increasing 
magnetic field. The results reveal that the electron-hole compensation may be 
responsible for the large non-saturating MR. 
 
Results 
Nanoplate Characterizations. The as-grown Cd3As2 nanoplates are single 
crystalline.
31
 As shown in Figure 1a, the scanning electron microscopy (SEM) image 
indicates that the lateral dimension of the nanoplates ranges from several micrometers 
to tens of micrometers. A corner of a typical nanoplate is shown by the transmission 
electron microscopy (TEM) image in Figure 1b. The high-resolution TEM image in 
Figure 1c shows an interplanar spacing of ~0.23 nm, indicating the (110) edge 
direction of the nanoplate. The selected area electron diffraction (SAED) pattern is 
shown in Figure 1d. By calculating the distance from each diffraction point to center 
point and their relative orientations, we determined the (44̅0), (04̅8), (4̅08) crystal 
planes, as marked in Figure 1d. According to the crystallography calculation, the (112) 
top surface plane of tetragonal Cd3As2 projection with [221] zone axis can be 
determined. The energy-dispersive X-ray spectroscopy (EDS) of the nanoplate is 
shown in Figure 1e. The quasi-quantitative analysis of the EDS indicates that the Cd 
to As atomic ratio is 58.3: 41.7 with an uncertainty less than 1%, consistent with the 
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chemical composition of Cd3As2. The thickness of the synthesized nanoplates ranges 
from 200 nm to 700 nm roughly, as shown by the atomic force microscopy image in 
Figure S1. As Cd3As2 is not a layered material, it is difficult to get thinner nanoplates 
down to a few unit cell layers in the chemical vapor deposition (CVD) growth system. 
Temperature Dependent Electron-Hole Transport. Figure 2a shows the 
schematic diagram of the nanoplate device with six-terminal Hall-bar geometry. The 
Si substrate with 285 nm SiO2 thin layer serves as the back gate. Figure 2b shows the 
temperature dependence of the longitudinal resistivity, which exhibits a 
semiconducting behavior at high temperatures and a metallic behavior at low 
temperatures. This 𝜌𝑥𝑥 − 𝑇 dependence is distinct with that of Cd3As2 bulk crystals. 
The semiconducting behavior of Cd3As2 is ascribed to the low carrier density and can 
be interpreted by the thermal activation mechanism. The activation energy Ea is 
extracted to be 19.53 meV according to the Arrhenius plot at high temperatures (inset 
in Figure 2b). Similarly, the semiconducting 𝜌𝑥𝑥 − 𝑇  curves have also been 
observed in Sb doped Bi2Se3 topological insulator with a low carrier density.
 32
 
Figure 3a shows the Hall resistivity under small magnetic fields at Vg = 0 V and at 
1.5 K. The nonlinear Hall curve is repeatable for the sweeping cycles without 
distinguishable hysteresis, and it is symmetric under negative and positive magnetic 
field. The evolution of the Hall curves with temperature (Figure 3b) clearly shows a 
transition from p-type to n-type conduction with increasing temperature. The 
observed Hall anomaly is a characteristic of two-carrier transport, which can be 
described by the two-carrier model:
33-35
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ρ𝑥𝑦 =
1
𝑒
(𝑛ℎ𝜇ℎ
2−𝑛𝑒𝜇𝑒
2)+𝜇ℎ
2𝜇𝑒
2𝐵2(𝑛ℎ−𝑛𝑒)
(𝑛ℎ𝜇ℎ+𝑛𝑒𝜇𝑒)2+𝜇ℎ
2𝜇𝑒
2𝐵2(𝑛ℎ−𝑛𝑒)2
𝐵,    (1) 
ρ𝑥𝑥 =
1
𝑒
(𝑛ℎ𝜇ℎ+𝑛𝑒𝜇𝑒)+(𝑛𝑒𝜇𝑒𝜇ℎ
2+𝑛ℎ𝜇ℎ𝜇𝑒
2)𝐵2
(𝑛ℎ𝜇ℎ+𝑛𝑒𝜇𝑒)2+𝜇ℎ
2𝜇𝑒
2𝐵2(𝑛ℎ−𝑛𝑒)2
,    (2) 
where 𝑛𝑒(𝑛ℎ) and 𝜇𝑒(𝜇ℎ) are the carrier density and mobility of electrons (holes), 
respectively. According to the Eq. (1), the Hall resistivity reverses its sign at a critical 
magnetic field 𝐵𝐶 = √
𝑛𝑒𝜇𝑒
2−𝑛ℎ𝜇ℎ
2
𝜇ℎ
2𝜇𝑒
2(𝑛ℎ−𝑛𝑒)
. In case of 𝜇𝑒 > 𝜇ℎ , the increase of electron 
concentration with increasing temperature will lead to the increase of 𝐵𝐶, which is 
consistent with our results in Figure 3b. The magnetic field dependence of the Hall 
resistivity can be well fitted according to Eq. (1) at representative 80 K and 100 K, as 
shown in Figure 3c. 
Figures 3d-e show the magnetic field dependence of MR (defined as 
𝜌𝑥𝑥(𝐵)−𝜌𝑥𝑥(0)
𝜌𝑥𝑥(0)
× 100% ) at various temperatures from 1.5 K to 300 K. At low 
temperatures, the MR first increases slightly with increasing magnetic field and then 
tends to saturation. At 14 T, the MR increases from 43% at 1.5 K to 914% at 150 K. 
While at 200 K and 300 K, the MR shows a quadratic behavior without any tendency 
to saturation. Largest MR up to 2000% is observed at 200 K, which is 50 times larger 
than that at 1.5 K. The observed large non-saturating MR at high temperatures may be 
due to the thermally activated electrons, leading to the two-carrier transport. 
According to Eq. (2), the two-carrier transport results in a non-saturating quadratic 
MR with 
∆ρ𝑥𝑥
ρ0
=
𝑛ℎ𝜇ℎ𝑛𝑒𝜇𝑒(𝜇ℎ+𝜇𝑒)
2
(𝑛ℎ𝜇ℎ+𝑛𝑒𝜇𝑒)2
𝐵2, which is consistent with our results at high 
temperatures. 
To reveal the two-carrier transport in the Cd3As2 nanoplate, the Kohler’s plots are 
presented in Figure 3f. The MR at different temperatures could be rescaled by the 
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Kohler’s plot:33,36 
△𝑅𝑥𝑥(𝐵)
𝑅𝑥𝑥(0)
= 𝐹(
𝐵
𝑅𝑥𝑥(0)
).   (3) 
For the classical B
2
 dependence of MR, △ 𝑅𝑥𝑥(𝐵)/𝑅𝑥𝑥(0) ∝ [B/𝑅𝑥𝑥(0)]
2. In case of 
single type of carrier dominant transport, the Kohler’s plots at different temperatures 
should overlap with each other. As shown in Figure 3f, at low temperatures the curves 
are collapsed together, indicating the hole-dominant transport; at medial temperatures 
the curves separate from each other due to the gradual increase of electron 
concentration with increasing temperature; and at high temperatures the curves 
re-collapse to a single curve, suggesting the electron-dominant transport. Despite the 
coexistence of electron and hole at high temperatures, the electron-dominant transport 
is mainly due to the much higher mobility of electron than that of hole. 
Gate Tunable Electron-Hole Transport. Figure 4a shows the longitudinal 
conductivity as a function of gate voltage at 1.5 K without external magnetic fields. A 
minimum of longitudinal conductivity (Dirac point VD) at Vg ~ 5 V was observed at 
1.5 K, indicating the intrinsic p-type doping at low temperatures. The conductivity 
increases sharply with increasing the positive gate voltage. For the part of negative 
gate voltage, the conductivity changes slightly. The large asymmetry transport is due 
to the different mobilities of electrons and holes. The carrier mobility can be 
estimated by linear fitting of 𝜎𝑥𝑥  through μ =
𝜕𝜎𝑥𝑥
𝜕𝑉𝑔
 𝑡
𝜀0𝜀𝑜𝑥
, where d and t are the 
thickness of nanoplate and oxide layer, respectively, 𝜀𝑜𝑥  = 3.9 is the dielectric 
constant of SiO2. According to 𝜎 = 𝑛𝑒𝜇, the carrier density is roughly estimated and 
presented in Figure 4b. At Vg = 0 V, the nanoplate is a p-type system. By applying 
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positive gate voltage, there will be an n-type conduction layer near the Cd3As2/SiO2 
interface (Figure S2). However, as the nanoplate is relatively thick (~350 nm), the 
gate electrical field can not penetrate through the sample due to the screening effect. 
Therefore, at positive gate voltages, it is a two-channel system with an inversion layer 
near the Cd3As2/SiO2 interface.
37,38
 Two parallel conduction path model gives similar 
form of formula with that in Eqs.(1)-(2), with subscript parameters corresponding to 
the conduction layer.
 37
  
The longitudinal conductivity as a function of gate voltage at all temperatures is 
shown in Figure 4c. The Dirac point VD shifts towards negative gate voltage with 
increasing temperature, suggesting the thermal activation of electrons. Further 
increasing temperature up to 100 K, the Dirac point can not be found clearly in the Vg 
ranging from -60 V to 60 V. Meanwhile, the conductivity increases monotonously 
with increasing gate voltage (see Figure S3), demonstrating a clear n-type feature.
39
 
According to the gate modulation formula, the electron mobility 𝜇𝑒 = 1.3 ×
104 cm2/Vs is estimated from the transfer curve at 1.5 K. The hole mobility is 
estimated to be 𝜇ℎ = 9 × 10
2 cm2/Vs. The low hole mobility may result from the 
severe scatterings and the low Fermi velocity in the valence band.
18,19
 The carrier 
mobility is further decreased with increasing temperature, as shown in Figure 4d. 
The gate-tunable MR behaviors were carefully investigated with magnetic field 
perpendicular to the substrate. Figure 5a shows the MR behaviors under various gate 
voltages at 1.5 K. One can clearly see that the MR increases tardily under low 
magnetic fields and then gradually saturates with ~ 42.5% under 14 T at Vg = -60 V, 
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-40 V, -20 V and 0 V. The MR is enhanced by applying positive gate voltage and up to 
~200% at Vg = 60 V. To reveal the mechanism of the MR improvement, the 
corresponding Hall resistivities were measured and presented in Figure 5b. The 
evolution of nonlinear Hall resistivity with gate voltage (Figure S4) clearly 
demonstrates the injection of electrons by positive gate voltage. The high electron 
mobility gives rise to the negative slopes of 𝜌𝑥𝑦~𝐵 curves under low magnetic fields. 
While the positive slopes of the 𝜌𝑥𝑦~𝐵 curves under high magnetic fields indicate 
the hole-dominant 𝜌𝑥𝑦 . The critical field 𝐵𝐶  increases with increasing electron 
density by applying positive gate voltage, as shown in Figure 5b. In the presence of 
two parallel conduction paths, the Eq. (1) can also be used to analyze the Hall data 
because the tow-channel transport can be described in the frame of two-carrier 
model.
35,37
 At high magnetic fields, the Hall coefficient approximately equals to 
1
𝑒
1
𝑛ℎ−𝑛𝑒
. Therefore, the net carrier density 𝑛ℎ − 𝑛𝑒 can be extracted as a function of 
gate voltage, as shown in Figure 5c. 
The MR and 𝜌𝑥𝑦  at a fixed Vg of 60 V were further measured at different 
temperatures (Figure S5). To further investigate the gate voltage modulation on MR, 
the MRs at Vg = 0 V and 60 V under 14 T from 1.5 K to 300 K are presented in 
Figure 6a. The MR is much improved by applying 60 V gate voltage to increase the 
electron concentration at temperatures lower than 150 K, while slightly decreases at 
200 K and 300 K. In order to reveal the origin of the distinct MR of Cd3As2 
nanoplates, the temperature-dependent electron density at Vg = 60 V have been 
calculated and presented in Figure 6b. The electron density increases drastically 
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above 150 K, in consistent with the -T behavior. The exponential fitting of the ne - T 
curve gives an activation energy of 23.4 meV, which is comparable to that extracted 
from the -T Arrhenius plot. The density of thermally activated electron at 200 K is 
comparable to the density of the intrinsically doped hole at 1.5 K. Therefore, a nearly 
electron-hole compensation state gives rise to the largest MR at 200 K. We would like 
to stress here that electron-dominant transport is not in conflict with the nearly equal 
electron-hole populations at 200 K, considering the mobility of electron is much 
higher than that of hole. As further increasing temperature to 300 K, more electrons 
break the electron-hole compensation, leading to the attenuated MR. In addition, the 
decrease of MR at Vg = 60 V and at 200 K in Figure 6a is also consistent with the 
broken electron-hole compensation induced by the gate voltage.  
Magnetic Field Modulated Gate Voltage Dependence. The transfer curves of 
another similar device with gate voltage up to 100 V at 1.5 K are shown in Figure 7a. 
An obvious feature is that the Dirac point shifts towards to positive gate voltages with 
the increase of magnetic field. Figure 7b presents the corresponding Hall resistivity 
as a function of Vg. As sweeping Vg, the 𝜌𝑥𝑦 crosses to zero and changes its sign at a 
critical gate voltage (Vth), indicating the change of carrier type of the dominant 
transport. For comparation, the 𝜌𝑥𝑥 and 𝜌𝑥𝑦 vs. Vg at the same magnetic field (2 T) 
are plotted together in Figure 7c. It shows that 𝜌𝑥𝑦 reverses its sign at a critical Vg 
when 𝜌𝑥𝑥 approaches the maximum value. The VD in  𝜌𝑥𝑥 and Vth in 𝜌𝑥𝑦 as a 
function of magnetic field are shown in Figure 7d. Apparently, the two series of 
critical points consist with each other, providing evidence for the correlation between 
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VD shift and electron-hole compensation. The maximum of 𝜌𝑥𝑥 is a comprehensive 
result of contributions of the two-carrier densities and mobilities, which is 
exceptionally evident in electron-hole asymmetric systems. In other words, the large 
MR is obtained in an electron-hole compensating state, where the Hall resistivity 
equals to zero. Thus, the magnetic field induced shift of VD is due to the highly 
asymmetric transport of electron and hole in Cd3As2 nanoplates. 
The MR (14 T) = R (14 T)/R (0 T) - 1 as a function of Vg is shown in Figure 7e. 
The MR dramatically increases with increasing Vg after a critical point ~ 30 V, and 
then saturates after Vg  ~ 80 V. The magnetic field dependences of MR at different 
gate voltages are shown in Figure 7f. To make the curves under Vg = -60 V and 0 V 
distinguishable, the magnification of the MR < 45% is shown in the inset in Figure 7f. 
At Vg = 100 V, a quadratic large non-saturating MR ~ B dependence is observed, and 
the MR is up to 1000% under 14 T at 1.5 K. At Vg = 100 V, the 𝜌𝑥𝑦~𝐵 curve 
(Figure S6) also indicates the electron-dominant transport, and the nearly saturated 
𝜌𝑥𝑦 at around 14 T suggests the coexistence of electron and hole. Figure 7f shows 
the MR at Vg = 100 V is lower than that at Vg = 50 V within the magnetic field 
between 1 T and 5 T, which is due to the system at Vg = 50 V is much closer to the 
Dirac point (Figure 7d). 
Discussion 
The semiconducting R-T behavior and carrier-type transition with temperature are 
commonly observed in semimetals, such as Dirac semimetal Na3Bi,
10
 Weyl 
semimetals TaAs,
40
 NbAs,
41
 and transition metal pentatellurides like ZrTe5.
42
 To be 
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specific, it was reported that the temperature induced electronic structure change in 
ZrTe5 can lead to the transition of conductive carrier type with decreasing temperature 
from 300 K to 2 K.
42
 For Dirac semimetal Cd3As2, the crossed linear energy bands are 
resulted from the spin-orbit coupling (SOC) induced band inversion. The calculated 
band structures of Cd3As2 can be well fitted by eight-band model 𝐻8(?⃗? ) =  ⊗
𝐻4(?⃗? ) + 𝐻 𝑜 with the SOC parameter Δ ~ 0.16 eV.
3
 The electronic band structures of 
the Dirac semimetal described by the effective eight-band model should be very 
sensitive to the temperature dependent spin-orbit coupling. The temperature-sensitive 
SOC has been reported in SrIrO3 film,
43
 GaAs/AlGaAs
44
 and InSb/InAlSb
45
 quantum 
wells, and Bi films.
46
 The usually neglected higher-order terms in the Rashba 
Hamiltonian may be responsible for the temperature-dependent Rashba coefficient 
α = g(1 − g)
𝜋𝑒ℏ2𝜀
4𝑚∗
2𝑐2
, through the temperature-dependent Land?́?  factor 
0g g T  .
43-46
 It is found that the Rashba SOC coefficient α increases and the g 
factor decreases with increasing temperature.
 43
 Previous investigations show that the 
g factor in Cd3As2 depends largely on electron concentration
47,48
 or energy.
48
 Here, the 
obvious temperature-dependent carrier concentration in our Cd3As2 system may 
suggest the temperature dependent SOC. The variation of the spin-orbit coupling with 
temperature may result in the bandgap opening at high temperatures in Cd3As2, which 
provides a possible scenario for understanding the abnormal transport phenomena. 
Although the mechanism of the temperature induced carrier type transition is still not 
clear, the coexistence of electrons and holes in the system with low carrier density 
seems to be a common feature. 
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Conclusions 
In summary, we have investigated the temperature dependent and gate tunable 
transport properties in Cd3As2 nanoplates by the magnetoresistance and Hall 
resistance measurements. Taking advantage of low carrier density in our samples, the 
ambipolar field effect is realized. The transfer curves clearly demonstrate the 
asymmetric mobilities of electrons and holes, consistent with the band structure 
observed in ARPES measurements. The Dirac point in the longitudinal resistivity 
corresponds to the zero Hall resistivity as revealed by the transfer curves under 
different magnetic fields. Large non-saturating MR is obtained in the case of balanced 
population of electron and hole. Our results provide a crucial step towards 
understanding the properties of Cd3As2 with Fermi surfaces close to the Dirac point. 
The further reduction of the nanoplate thickness would make the gate modulations 
more effective and pave the way for the realization of quantum spin Hall insulator. 
Note: During the proof of this paper, we noticed several works on Hall anomaly in 
HfTe5,
49
 and the electron-hole transport in Weyl semimetals TaAs2,
50
 NbAs2.
51
 
 
Methods 
Sample Synthesis. Cd3As2 nanoplates were synthesized by CVD method in a tube 
furnace. The Cd3As2 powders (Alfa Aesar 99.99% purity) were placed at the center of 
the furnace and silicon substrates were placed downstream of the source to collect the 
products. First, the furnace was flushed by Argon gas several times to get rid of the 
oxygen. Then the furnace was heated from room temperature to 720 ℃ in 25 minutes 
 14 / 33 
 
and kept for 10 minutes for growth. During growth, Argon carrier gas flowed at a rate 
of 20 sccm. Finally, the furnace was cooled down to room temperature naturally. 
Characterizations. The synthesized nanoplates were systematically characterized via 
scanning electron microscopy (SEM FEI Nano430) and transmission electron 
microscopy (TEM FEI Tecnai F20), as well as energy-dispersive X-ray spectroscopy 
performed on TEM system. 
Device Fabrication and Measurements. For electrical transport measurements, 
individual nanoplates were transferred onto silicon substrate with an oxide layer of 
285 nm, which can be used as dielectric layer for back-gate modulation. Ohmic 
contacts were fabricated by a series of processes including e-beam lithography, 
electrode deposition and lift off. Transport measurements were performed in an 
Oxford cryostat system with magnetic field up to 14 T and temperature down to 1.5 K. 
The electrical signals were measured by lock-in amplifiers (Stanford SR830) at low 
frequency of 17.7 Hz. A Keithley 2400 source meter was used to apply gate voltage 
on the silicon substrate.  
Conflict of Interest: The authors declare no competing financial interests. 
Supporting Information Available: The Supporting Information is available free of 
charge on the ACS Publications website at DOI: 10.1021/acsnano.****. 
Acknowledgement. This work was supported by MOST (Nos. 2013CB934600, 
2013CB932602) and NSFC (Nos. 11274014, 11234001, 11327902). 
 
References 
1.  Young, S. M.; Zaheer, S.; Teo, J. C.; Kane, C. L.; Mele, E. J.; Rappe, A. M. Dirac 
 15 / 33 
 
Semimetal in Three Dimensions. Phys. Rev. Lett. 2012, 108, 140405. 
2.  Yang, B.-J.; Nagaosa, N. Classification of Stable Three-Dimensional Dirac 
Semimetals with Nontrivial Topology. Nat. Commun. 2014, 5, 4898. 
3.  Wang, Z.; Weng, H.; Wu, Q.; Dai, X.; Fang, Z. Three-Dimensional Dirac 
Semimetal and Quantum Transport in Cd3As2. Phys. Rev. B 2013, 88, 125427. 
4.  Ali, M. N.; Gibson, Q.; Jeon, S.; Zhou, B. B.; Yazdani, A.; Cava, R. The Crystal 
and Electronic Structures of Cd3As2, the Three-Dimensional Electronic 
Analogue of Graphene. Inorg. Chem. 2014, 53, 4062-4067. 
5.  Hosur, P.; Qi, X. Recent Developments in Transport Phenomena in Weyl 
Semimetals. C. R. Phys. 2013, 14, 857-870. 
6.  Balents, L. Weyl Electrons Kiss. Physics 2011, 4, 36. 
7.  Liu, Z.; Zhou, B.; Zhang, Y.; Wang, Z.; Weng, H.; Prabhakaran, D.; Mo, S.-K.; 
Shen, Z.; Fang, Z.; Dai, X. Discovery of a Three-Dimensional Topological Dirac 
Semimetal, Na3Bi. Science 2014, 343, 864-867. 
8.  Kim, H.-J.; Kim, K.-S.; Wang, J.-F.; Sasaki, M.; Satoh, N.; Ohnishi, A.; Kitaura, 
M.; Yang, M.; Li, L. Dirac Versus Weyl Fermions in Topological Insulators: 
Adler-Bell-Jackiw Anomaly in Transport Phenomena. Phys. Rev. Lett. 2013, 111, 
246603. 
9.  Wang, H.; Wang, H.; Liu, H.; Lu, H.; Yang, W.; Jia, S.; Liu, X.-J.; Xie, X.; Wei, 
J.; Wang, J. Observation of Superconductivity Induced by a Point Contact on 3D 
Dirac Semimetal Cd3As2 Crystals. Nat. Mater. 2015, 15, 38-42. 
10.  Xiong, J.; Kushwaha, S. K.; Liang, T.; Krizan, J. W.; Hirschberger, M.; Wang, 
W.; Cava, R.; Ong, N. Evidence for the Chiral Anomaly in the Dirac Semimetal 
Na3Bi. Science 2015, 350, 413-416. 
11.  Li, C.-Z.; Wang, L.-X.; Liu, H.; Wang, J.; Liao, Z.-M.; Yu, D.-P. Giant 
Negative Magnetoresistance Induced by the Chiral Anomaly in Individual 
Cd3As2 Nanowires. Nat. Commun. 2015, 6, 10137. 
12.  Li, H.; He, H.; Lu, H.-Z.; Zhang, H.; Liu, H.; Ma, R.; Fan, Z.; Shen, S.-Q.; 
Wang, J. Negative Magnetoresistance in Dirac Semimetal Cd3As2. Nat. Commun. 
2016, 7, 10301. 
 16 / 33 
 
13.  Zhang, C.; Zhang, E.; Liu, Y.; Chen, Z.-G.; Liang, S.; Cao, J.; Yuan, X.; Tang, 
L.; Li, Q.; Gu, T. Detection of Chiral Anomaly and Valley Transport in Dirac 
Semimetals. 2015, arXiv:1504.07698. 
14.  Huang, X.; Zhao, L.; Long, Y.; Wang, P.; Chen, D.; Yang, Z.; Liang, H.; Xue, 
M.; Weng, H.; Fang, Z. Observation of the Chiral Anomaly Induced Negative 
Magneto-Resistance in 3D Weyl Semi-Metal TaAs. Phys. Rev. X 2015, 5, 
031023. 
15.  Gorbar, E.; Miransky, V.; Shovkovy, I. Engineering Weyl Nodes in Dirac 
Semimetals by a Magnetic Field. Phys. Rev. B 2013, 88, 165105. 
16.  Son, D.; Spivak, B. Chiral Anomaly and Classical Negative Magnetoresistance 
of Weyl Metals. Phys. Rev. B 2013, 88, 104412. 
17.  Yi, H.; Wang, Z.; Chen, C.; Shi, Y.; Feng, Y.; Liang, A.; Xie, Z.; He, S.; He, J.; 
Peng, Y. Evidence of Topological Surface State in Three-Dimensional Dirac 
Semimetal Cd3As2. Sci. Rep. 2014, 4, 6106. 
18.  Liu, Z.; Jiang, J.; Zhou, B.; Wang, Z.; Zhang, Y.; Weng, H.; Prabhakaran, D.; 
Mo, S.; Peng, H.; Dudin, P. A Stable Three-Dimensional Topological Dirac 
Semimetal Cd3As2. Nat. Mater. 2014, 13, 677-681. 
19.  Neupane, M.; Xu, S.-Y.; Sankar, R.; Alidoust, N.; Bian, G.; Liu, C.; Belopolski, 
I.; Chang, T.-R.; Jeng, H.-T.; Lin, H. Observation of a Three-Dimensional 
Topological Dirac Semimetal Phase in High-Mobility Cd3As2. Nat. Commun. 
2014, 5, 3786. 
20.  Jeon, S.; Zhou, B. B.; Gyenis, A.; Feldman, B. E.; Kimchi, I.; Potter, A. C.; 
Gibson, Q. D.; Cava, R. J.; Vishwanath, A.; Yazdani, A. Landau Quantization 
and Quasiparticle Interference in the Three-Dimensional Dirac Semimetal 
Cd3As2. Nat. Mater. 2014, 13, 851-856. 
21.  Zhao, Y.; Liu, H.; Zhang, C.; Wang, H.; Wang, J.; Lin, Z.; Xing, Y.; Lu, H.; Liu, 
J.; Wang, Y. Anisotropic Fermi Surface and Quantum Limit Transport in High 
Mobility Three-Dimensional Dirac Semimetal Cd3As2. Phys. Rev. X 2015, 5, 
031037. 
22.  Liu, Y.; Zhang, C.; Yuan, X.; Lei, T.; Wang, C.; Di Sante, D.; Narayan, A.; He, 
 17 / 33 
 
L.; Picozzi, S.; Sanvito, S.; Che, R.; Xiu, F. Gate-Tunable Quantum Oscillations 
in Ambipolar Cd3As2 Thin Films. Npg Asia Mater. 2015, 7, e221. 
23.  Cao, J.; Liang, S.; Zhang, C.; Liu, Y.; Huang, J.; Jin, Z.; Chen, Z.-G.; Wang, Z.; 
Wang, Q.; Zhao, J.; Li, S.; Dai, X.; Zou, J.; Xia, Z.; Li, L.; Xiu, F. Landau Level 
Splitting in Cd3As2 under High Magnetic Fields. Nat. Commun. 2015, 6, 7779. 
24.  Zhang, E.; Liu, Y.; Wang, W.; Zhang, C.; Zhou, P.; Chen, Z.-G.; Zou, J.; Xiu, F. 
Magnetotransport Properties of Cd3As2 Nanostructures. ACS Nano 2015, 9, 
8843-8850. 
25.  Liang, T.; Gibson, Q.; Ali, M. N.; Liu, M.; Cava, R.; Ong, N. Ultrahigh 
Mobility and Giant Magnetoresistance in the Dirac Semimetal Cd3As2. Nat. 
Mater. 2014, 14, 280-284. 
26.  Wang, L.-X.; Li, C.-Z.; Yu, D.-P.; Liao, Z.-M. Aharonov-Bohm Oscillations in 
Dirac Semimetal Cd3As2 Nanowires. Nat. Commun. 2016, 7, 10769. 
27.  Narayanan, A.; Watson, M.; Blake, S.; Bruyant, N.; Drigo, L.; Chen, Y.; 
Prabhakaran, D.; Yan, B.; Felser, C.; Kong, T. Linear Magnetoresistance Caused 
by Mobility Fluctuations in N-Doped Cd3As2. Phys. Rev. Lett. 2015, 114, 
117201. 
28.  Feng, J.; Pang, Y.; Wu, D.; Wang, Z.; Weng, H.; Li, J.; Dai, X.; Fang, Z.; Shi, 
Y.; Lu, L. Large Linear Magnetoresistance in Dirac Semi-Metal Cd3As2 with 
Fermi Surfaces Close to the Dirac Points. Phys. Rev. B 2015, 92, 081306. 
29.  Du, X.; Tsai, S.-W.; Maslov, D. L.; Hebard, A. F. Metal-Insulator-Like 
Behavior in Semimetallic Bismuth and Graphite. Phys. Rev. Lett. 2005, 94, 
166601. 
30.  Ali, M. N.; Xiong, J.; Flynn, S.; Tao, J.; Gibson, Q. D.; Schoop, L. M.; Liang, T.; 
Haldolaarachchige, N.; Hirschberger, M.; Ong, N. Large, Non-Saturating 
Magnetoresistance in WTe2. Nature 2014, 514, 205-208. 
31.  Li, C.-Z.; Zhu, R.; Ke, X.; Zhang, J.-M.; Wang, L.-X.; Zhang, L.; Liao, Z.; Yu, 
D. Synthesis and Photovoltaic Properties of Cd3As2 Facetted Nanoplates and 
Nano-Octahedrons. Cryst. Growth. Des. 2015, 15, 3264-3270. 
32.  Analytis, J. G.; McDonald, R. D.; Riggs, S. C.; Chu, J.-H.; Boebinger, G.; 
 18 / 33 
 
Fisher, I. R. Two-Dimensional Surface State in the Quantum Limit of a 
Topological Insulator. Nat. Phys. 2010, 6, 960-964. 
33.  Ishiwata, S.; Shiomi, Y.; Lee, J. S.; Bahramy, M. S.; Suzuki, T.; Uchida, M.; 
Arita, R.; Taguchi, Y.; Tokura, Y. Extremely High Electron Mobility in a 
Phonon-Glass Semimetal. Nat. Mater. 2013, 12, 512-517. 
34.  Rourke, P. M. C.; Bangura, A. F.; Proust, C.; Levallois, J.; Doiron-Leyraud, N.; 
LeBoeuf, D.; Taillefer, L.; Adachi, S.; Sutherland, M. L.; Hussey, N. E. 
Fermi-Surface Reconstruction and Two-Carrier Model for the Hall Effect in 
YBa2Cu4O8. Phys. Rev. B 2010, 82, 020514. 
35.  Smith R. A. Semiconductors. 1978. (Cambridge University Press) 
36.  Husmann, A.; Betts, J.; Boebinger, G.; Migliori, A.; Rosenbaum, T.; Saboungi, 
M.-L. Megagauss Sensors. Nature 2002, 417, 421-424. 
37.  Kane, M. J.; Apsley, N.; Anderson, D. A.; Taylor, L. L.; Kerr, T. Parallel 
Conduction in GaAs/AlGaAs Modulation Doped Heterojunctions. J. Phys. C: 
Solid State Phys. 1985, 18, 5629-5636. 
38.  Gilbertson, A. M.; Buckle, P. D.; Emeny, M. T.; Ashley, T.; Cohen, L. F. 
Suppression of the Parasitic Buffer Layer Conductance in InSb/AlxIn1−xSb 
Heterostructures Using a Wide-Band-Gap Barrier Layer. Phys. Rev. B 2011, 84, 
075474. 
39.  Wang, Y.; Xiu, F.; Cheng, L.; He, L.; Lang, M.; Tang, J.; Kou, X.; Yu, X.; Jiang, 
X.; Chen, Z. Gate-Controlled Surface Conduction in Na-Doped Bi2Te3 
Topological Insulator Nanoplates. Nano Lett. 2012, 12, 1170-1175. 
40.  Huang, X.; Zhao, L.; Long, Y.; Wang, P.; Chen, D.; Yang, Z.; Liang, H.; Xue, 
M.; Weng, H.; Fang, Z. Observation of the Chiral-Anomaly-Induced Negative 
Magnetoresistance in 3D Weyl Semimetal TaAs. Phys. Rev. X 2015, 5, 031023. 
41.  Yang, X.; Li, Y.; Wang, Z.; Zhen, Y.; Xu, Z.-a. Observation of Negative 
Magnetoresistance and Nontrivial π Berrys Phase in 3D Weyl Semi-Metal NbAs. 
2015, arXiv:1506.02283. 
42.  Zhang, Y.; Wang, C.; Yu, L.; Liu, G.; Liang, A.; Huang, J.; Nie, S.; Zhang, Y.; 
Shen, B.; Liu, J. Electronic Evidence of Temperature-Induced Lifshitz Transition 
 19 / 33 
 
and Topological Nature in ZrTe5. 2016, arXiv:1602.03576. 
43.  Zhang, L.; Chen, Y. B.; Zhang, B.; Zhou, J.; Zhang, S.; Gu, Z.; Yao, S.; Chen, Y. 
Sensitively Temperature-Dependent Spin–Orbit Coupling in SrIrO3 thin Films. J. 
Phys. Soc. Jap. 2014, 83, 054707. 
44.  Eldridge, P. S.; Leyland, W. J. H.; Lagoudakis, P. G.; Karimov, O. Z.; Henini, 
M.; Taylor, D.; Phillips, R. T.; Harley, R. T. All-Optical Measurement of Rashba 
Coefficient in Quantum Wells. Phys. Rev. B 2008, 77, 125344. 
45.  Leontiadou, M. A.; Litvinenko, K. L.; Gilbertson, A. M.; Pidgeon, C. R.; 
Branford, W. R.; Cohen, L. F.; Fearn, M.; Ashley, T.; Emeny, M. T.; Murdin, B. 
N.; Clowes, S. K. Experimental Determination of the Rashba Coefficient in 
InSb/InAlSb Quantum Wells at Zero Magnetic Field and Elevated Temperatures. 
J. Phys. Condens. Matter. 2011, 23, 035801. 
46.  Sangiao, S.; Marcano, N.; Fan, J.; Morellón, L.; Ibarra, M. R.; Teresa, J. M. D. 
Quantitative Analysis of the Weak Anti-Localization Effect in Ultrathin Bismuth 
Films. EPL. 2011, 95, 37002. 
47.  Jay-Gerin, J. P.; Lakhani, A. A. The Dependence of g-Factor on the Electron 
Concentration in Cadmium Arsenide at Low Temperatures. J. Low. Temp. Phys. 
1977, 28, 15-20. 
48.  Wallace, P. R. Electronic g-Factor in Cd3As2. Phys. Status Solidi B. 1979, 92, 
49-55. 
49.  Zhao, L.; Huang, X.; Long, Y.; Chen, D.; Liang, H.; Yang, Z.; Xue, M.; Ren, Z.; 
Weng, H.; Fang, Z. Topological Critical Point and Resistivity Anomaly in HfTe5. 
2015, arXiv:1512.07360. 
50.  Wu, D.; Liao, J.; Yi, W.; Wang, X.; Li, P.; Weng, H.; Shi, Y.; Li, Y.; Luo, J.; 
Dai, X. Giant Semiclassical Magnetoresistance in High Mobility TaAs2 
Semimetal. 2016, arXiv:1601.04948. 
51.  Shen, B.; Deng, X.; Kotliar, G.; Ni, N. Fermi Surface Topology and Negative 
Magnetoresistance Observed in Centrosymmetric NbAs2 Semimetal. 2016, 
arXiv:1602.01795. 
  
 20 / 33 
 
 
Figure 1. Characterization of the synthesized Cd3As2 nanoplates. (a) SEM image of 
the nanoplates with lateral dimensions ranging from several micrometers up to tens of 
micrometers. (b) The TEM image and (c) the high-resolution TEM image of a typical 
nanoplate. The 0.23 nm interplanar spacing indicates the (110) direction of the 
nanoplate edge. (d) The SAED pattern clearly shows hexagonal symmetry of the (112) 
surface plane projection with [221] zone axis. (e) The EDS spectrum of the nanoplate. 
The quasi-quantitative analysis gives that the Cd to As atomic ratio is 58.3: 41.7 with 
an uncertainty less than 1%. 
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Figure 2. (a) Schematic diagram of the Cd3As2 nanoplate Hall device with a back 
gate terminal. (b) Temperature dependent longitudinal resistivity 𝜌𝑥𝑥  of Cd3As2 
nanoplate. The activation energy of 19.53 meV is deduced from the Arrhenius plot of 
𝜌𝑥𝑥 in the inset.  
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Figure 3. The temperature dependent magnetotransport at Vg = 0 V. (a) The Hall 
resistivity under small magnetic fields at 1.5 K. (b) The Hall resistivity at different 
temperatures from 1.5 K to 300 K. (c) The nonlinear fits of the Hall resistivity based 
on two-carrier model at representative temperatures of 80 K and 100 K. (d, e) MR 
measured at different temperatures from 1.5 K to 300 K. (f) The Kohler’s plot of the 
MR curves.  
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Figure 4. (a) The longitudinal conductivity as a function of gate voltage at 1.5 K. The 
𝜎𝑥𝑥 reaches a minimum at around Vg = 5 V. (b) The hole and electron concentrations 
obtained from the transfer curve at 1.5 K. (c) The longitudinal conductivity as a 
function of gate voltage at temperatures from 1.5 K to 80 K. (d) The temperature 
dependence of electron and hole mobilities from 1.5 K to 80 K. The electron mobility 
is much larger than that of hole.  
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Figure 5. (a) The MRs under various gate voltages and (b) the corresponding Hall 
resistivity at 1.5 K. (c) The net carrier density as a function of gate voltage at 1.5 K of 
obtained from high field Hall resistivity.  
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Figure 6. (a) The MR obtained under B = 14 T at Vg of 0 V and 60 V at different 
temperatures from 1.5 K to 300 K. At temperatures lower than 150 K, the MR is much 
improved by applying 60 V gate voltage. While at 200 K and 300 K, the MR slightly 
decreases at Vg = 60 V. (b) The electron density obtained at Vg = 60 V as a function of 
temperature, the exponential fit of the ne - T curve gives an activation energy of 23.4 
meV. 
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Figure 7. Magnetotransport of another device at 1.5 K and with gate voltage up to 
100 V. (a) Transfer curves under different magnetic fields. The peak of 𝜌𝑥𝑥, that is the 
Dirac point VD, shifts towards to positive gate voltage with the increase of magnetic 
field, and (b) the corresponding Hall resistivity as a function of gate voltage under 
various magnetic fields. The Hall resistivity crosses to zero at a critical gate voltage 
Vth for a given magnetic field. (c) The comparison of the gate voltage dependence of 
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𝜌𝑥𝑥 and 𝜌𝑥𝑦 under B = 2 T. The 𝜌𝑥𝑥 reaches a maximum as the Hall resistivity 
crosses to zero. (d) The Dirac point VD of 𝜌𝑥𝑥 and the Vth of 𝜌𝑥𝑦 as a function of 
magnetic field. The VD and Vth have similar magnetic field dependence. (e) The MR 
(14 T) = R (14 T)/R (0 T) - 1 as a function of Vg. (f) The MR as a function of 
magnetic field at different gate voltages. At Vg = 100 V, there is an non-saturating MR 
up to 1000% at 1.5 K, Inset: Magnification of MR to show clearly the curves at Vg = 
-60 V and 0 V. 
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Figure S1. The atomic force microscopy (AFM) images and the height profiles of the 
Cd3As2 nanoplates with thickness (a) 220 nm, (b) 420 nm, (c) 240 nm, and (d) 630 nm, 
respectively. The thickness of the synthesized Cd3As2 nanoplates is in the range of 
200 ~ 700 nm approximately. 
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Figure S2. Band diagram of the quasi metal-SiO2-Cd3As2 structure. (a) Without gate 
voltage. (b) At a negative gate voltage, a p-type accumulation layer at the bottom 
interface. (c) At a positive gate voltage, an n-type inversion layer at the interface. 
Because the nanoplate is much thicker than the width of the inversion region, the 
charge transport is indeed two-channel system at positive gate voltages due to the 
screening effect.  
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Figure S3. The longitudinal conductivity at different temperatures from 100 K to 300 
K. The conductivity increases monotonously with increasing the gate voltage, 
demonstrating a clear n-type feature. 
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Figure S4. The nonlinear Hall resistivity at various gate voltages under small 
magnetic fields. 
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Figure S5. (a,b) MR measured at Vg = 60 V and at different temperatures from 1.5 K 
to 300 K and (c) the corresponding Hall resistivity. (d) The Kohler’s plots of the MR 
curves at Vg = 60 V. 
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Figure S6. The magnetic field dependence of Hall resistivity at 1.5 K and at different 
gate voltages of Vg = -60 V, 0 V, 50 V, and 100 V, respectively. 
 
 
